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Summary
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Crystalstructureandchemical

composition were confirmed

by X-ray diffraction and

inductively coupled plasma

opticalemissionspectroscopy,

respectively.

Ag1.5Mn8O16 Silver Hollandite 

ScanningVibrating Probe (SVP) testingwasdevelopedto

quantify changes in electrode surface conductivity

throughoutcycling. During testing,an alternatingcurrentis

usedto measurethe potentialdifferencebetweentwo end-

positionson a probeand the electrodesurface. Changesin

potentialcan becorrelatedto currentdensityvia:

Ὦ Ўὠ .

J ï current density (µA/cm2) ȹV ïmeasuredvoltage

difference( mV), k ïsolution conductivity, d ïvibration

amplitude(cm).

Pristine D to 

0.8 V

D to 

0.6 V

C to 

1.8 V

1 electrontransfersfor Ag+

to Ag0ï47.5 mAh/g

1 electrontransferfor Mn4+

to Mn3+ï31.5 mAh/g
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Silver hollandite nanorods were prepared using a reflux method yielding

Ag1.5Mn8O16 nanorodsas characterizedby XRD, ICP-OES and TGA. A discharge

capacity of Ḑ240 mAh/g was observedfor the first reduction of the material. A

combinationof XRD andSEM/EDSmappingshowedthe reversibleformationof Ag0

particles. This reversible formation was further supportedby the SVP and XANES

analysis. Upon discharge,there were clear signs of Ag particle aggregationand an

increasein sampleconductivity. Thedispersionof thesilver metaluponchargeindicated

oxidationof thesilver centersin theaqueousZnSO4 electrolyte. Thesefactorscombined

suggesttheredoxactivity of boththesilverandmanganesecenters.

Primary Mn-Zn batteriesare an establishedand well understoodelectrochemicalenergy

storage system. SecondaryMn-Zn batteries, however, remain elusive in terms of

developmentand mechanisticunderstanding. Hollandite type Ŭ-MnO2 materialsare of

interest from an electrochemicalperspectivedue to their high surfacearea to volume

nanorodmorphology,ability to accommodatea wide array of ions into their structural

tunnels(K+, Ag+ ,Li+ ,Na+ ,Zn2+ ) andsyntheticversatility. In this work, Ag stabilizedŬ-

MnO2 nanowireswere synthesizedand electrochemicallytestedin a reversibleZn-ion

batterywith anaqueouselectrolyte.

SEM/EDSmappingprovidesevidencefor the formation of Ag0 aggregates,suggesting

thatAg0 formationis responsiblefor thechangein electricalconductivity. Mn, Zn, andS

distributions remains uniform during cycling These findings are reinforced further

throughXFAS trackingof Ag duringcycling.

-˃XFMmappingand XASanalysisof Mn fluoresce
showed a uniform reduction of Mn during
dischargeand a return to the initial conditions
during charge, suggestingreversible Mn redox
duringcycling.

Results ïSilver Redox Behavior

Trends in the cellôs charge transfer 

resistance corroborate conductivity 

claims from SVP.

Pristine Discharged Charged

Ag stabilizing ions 

and water reside in 

tunnels

MnO6 octahedra 

share edges and 

corners to form 2 by 

2 tunnels

Ag1.5Mn8O16 Silver Hollandite 

Cycling 15 nm crystallite size

Ag1.4Mn8O16 againstZn metal in 2

M ZnSO4 delivered approximately

240mAh/gon first discharge.

Advanced characterization
supports the the reversible
formation of Ag0 during
cycling not seen in
electrochemistry in organic
electrolyte systems

Mn3+/4+ redox,Ag0/+ redox,and

ZnSO4(Zn(OH)2) formation all

reversibly happen during

electrochemical cycling and

were tracked via SEM/EDS,

XAS, and -˃XFMmapping.


